Abstract Hypothalamic obesity is a potential sequela of craniopharyngioma, arising from hypothalamic damage inflicted by either the tumor and/or its treatment. The marked weight gain that characterizes this disorder appears to result from impaired sympathoadrenal activation, parasympathetic dysregulation, and other hormonal and hypothalamic disturbances that upset the balance between energy intake and expenditure. Given hypopituitarism is commonly present, careful management of hormonal deficits is important for weight control in these patients. In addition, diet, exercise, and pharmacotherapy aimed at augmenting sympathetic output, controlling hyperinsulinism, and promoting weight loss have been used to treat this disease, but these measures rarely lead to sustained weight loss. While surgical interventions have not routinely been pursued, emerging data suggests that surgical weight loss interventions including Roux-en-Y gastric bypass can be safely and effectively used for the management of hypothalamic obesity in patients with craniopharyngioma.
Introduction
A link between hypothalamic injury and obesity was first described over a century ago when Dr. Fröhlich reported a case of a 14-year-old boy with rapid weight gain, hypogonadism, and vision loss in the setting of a hypophyseal tumor destroying the body of the sphenoid and dorsum of the sella [1] . Since then hypothalamic obesity (HO) has been associated with a number of disease processes that structurally impact the hypothalamus including trauma, aneurysms, infiltrative diseases, and tumors as well as with an array of genetic syndromes like Prader-Willi syndrome (PWS), leptin and leptin receptor deficiency, proopiomelanocortin mutations, and melanocortin four receptor (MC4R) mutations, which result in hypothalamic dysfunction. Of the tumors, craniopharyngioma (and/or its treatment) is now regarded as the most common cause of HO in humans. Craniopharyngiomas comprise between 1.2 and 4% of all brain tumors [2] . While these histologically benign tumors arising from the remnants of Rathke's pouch are associated with high overall survival rates, they are often the source of significant morbidity. Up to 52% of pediatric craniopharyngioma (CP) patients develop obesity following tumor resection and many suffer from recalcitrant hyperphagia and weight related reductions in quality of life [3] . The development of obesity in these patients stems from hypothalamic damage arising from the tumor itself, or from surgical and radiotherapeutic interventions. The hypothalamic arcuate nucleus is a critical mediator of energy homeostasis, housing several neuronal populations including proopiomelanocortin (POMC) and Agouti-related peptide (AGRP)/Neuropeptide Y (NPY) neurons that are key regulators of feeding and energy expenditure [4, 5] . These neurons express receptors for both insulin and leptin, and respond to peripheral changes in energy balance [6] .
Disruption of this complex circuitry by hypothalamic damage results in hyperphagia, decreased energy expenditure, and significant weight gain-the manifestations varying with the location and extent of structural changes. Lesions in the ventromedial hypothalamus in particular, are proposed to increase vagal tone and pancreatic beta-cell insulin secretion with resultant anabolism and weight gain [7] . Hormonal deficiencies, which are also common in HO, can independently contribute to weight gain if not properly managed.
While our understanding of the mechanisms underlying the development of obesity in patients with CP has progressed, therapeutic advances for treating HO remain limited. Several medical treatment options have been explored in patients with HO, but the weight control achieved with lifestyle modification and pharmacotherapy is typically modest and often transient. Given the benefits of bariatric surgery for the treatment of conventional morbid obesity there has been recent interest in the use of surgical weight loss techniques in patients with HO. In this review we will discuss the medical and neuroendocrine management of HO and will describe a case of successful weight loss following gastric bypass surgery in a patient with HO after CP treatment. We will use the case to illustrate key ideas involved in the clinical treatment of HO and to highlight the emerging role of surgical weight loss interventions in this patient population.
Clinical case
An 18-year-old Caucasian female with a history of a CP status post resection, presented to our neuroendocrine unit with rapid weight gain. Historically, the patient had normal growth and development until age 10 years when she developed migraines and stopped growing. Menarche occurred the following year but menses stopped at age 13 years, in the setting of anorexia nervosa. She was followed by a pediatrician and nutritionist from age 13 to 16 for her eating disorder; during that period her nadir weight was 45.4 kg (BMI 18.3) but increased to 52.2 kg (BMI 21.0) with treatment. In spite of weight gain, menses did not return and at 16.5 years she developed frequent headaches with associated polyuria, polydipsia, and intermittent enuresis, paired with poor appetite, lethargy, and a 6.8 kg unintentional weight loss. She developed worsening vision and elected to stop driving. Visual field defects were detected and brain MRI was notable for a complex bilobed enhancing mass lesion arising in the suprasellar region, separate from the pituitary gland, which appeared normal in size. The mass lesion distorted the anatomy of the anterior third ventricle including its infundibular and optic recesses, and extended into the interpeduncular cistern, compressing and superiorly displacing the optic chiasm (Fig. 1a, b) . The patient underwent craniotomy and decompression with improvement in her vision and symptoms of polyuria, however, 3 months later she developed recurrent headaches and vision loss and a ventricular drain was placed. One month later, repeat MRI demonstrated tumor growth and she underwent a second craniotomy at another medical center with complete resection of the tumor and modest improvement in her vision. Post-operatively she developed panhypopituitarism and diabetes insipidus (DI) and was started on hormone replacement therapy.
Following the operation she noted an increase in appetite followed by rapid weight gain. Eighteen months postoperatively she presented to our neuroendocrine unit, endorsing a 52 kg weight gain. Her physical exam was notable for a morbidly obese female, ambulating with a white cane for visual assistance. Her weight was 101 kg, height 62 inches (mid-parental height 66 inches) and BMI 40.8 kg/m 2 . Dense bilateral visual field cuts involving both the temporal fields and part of the nasal fields, with preserved acuity, were noted. The exam was otherwise normal. Medications included hydrocortisone 10 mg twice daily, levothyroxine 100 mcg daily, desmopressin tablets 0.2 mg three times a day and conjugated estrogen 0.3 mg daily. Laboratory evaluation revealed a TSH \0.03 mU/l, FT4 0.9 ng/dl (0.9-1.4), T4 6.5 ng/dl, T3 72 ng/dl, prolactin 17 ng/ml, IGF-1 57 ng/ml (182-780), GH 2 ng/ml, sodium 141 mM/l. Post-operative MRI demonstrated resection of the large suprasellar mass lesion seen on the preoperative study and distortion of the region of the anterior third ventricle and the paraventricular hypothalamic nuclei. The optic and the infundibular recesses of the anterior third ventricle were no longer seen and were replaced by a CSF filled cavity. The hypothalamic nuclei, which make up the margins of the anterior third ventricle, were deficient. The tuber cinereum or the floor of the third ventricle, and the pituitary/infundibular stalk were also absent on the scan (Fig. 1c, d ).
The levothyroxine dose was up-titrated to 175 mcg daily for goal FT4 in the upper range of normal, GH replacement was initiated at 0.2 mg SC daily, and the hydrocortisone dose was decreased to 5 mg twice daily and then changed to prednisone 2.5 mg daily for compliance reasons. Conjugated estrogen was increased to 0.6 mg along with the cyclic addition of medroxyprogesterone acetate. Diet and exercise were encouraged but her weight continued to increase and 31 months after presentation she weighed 108.8 kg (Fig. 2) . Sibutramine 10 mg daily was started and then up-titrated to 15 mg, and an aggressive daily exercise routine was initiated. Eight months later the patient's weight decreased to 90.3 kg (BMI 36.4 kg/m 2 ), however, due to expense, sibutramine was discontinued. The patient was briefly lost to follow-up but when she re-presented after 1.5 years her weight had increased to 115 kg. She resumed regular exercise and nutrition visits but her weight continued to increase over the subsequent 10 months, peaking at 128.2 kg (BMI 51.6 kg/m 2 ). Concomitantly she developed cholecystitis requiring cholecystectomy and osteoarthritis of the knees, limiting her mobility. RYGB was recommended. Oral desmopressin was discontinued and the patient was transitioned to desmopressin nasal spray with better control of her DI in preparation for surgery. The patient underwent an uncomplicated RYGB with a 150 cm Roux limb. Nine months post-bypass her weight had decreased to 93.9 kg (BMI 39.0), reflecting a 26.6% weight loss and remained relatively stable 19 months postbypass.
To further examine the impact of RYGB on the patient's metabolic profile, we evaluated resting energy expenditure (REE), and gut hormone secretion in response to a mixed meal, both pre and 9 and 15 months post-operatively. REE was measured in the fasted state by indirect calorimetry using the ParvoMedics TrueOne 2400 Metabolic Cart. Prior to surgery, indirect calorimetry revealed a resting energy expenditure of 1,877 kcal/24 h, 9% lower than predicted REE calculated by established formulas (Table 1) [8, 9] . Nine months post-operatively REE decreased to 1,142 kcal/24 h (31-34% less than predicted), and 15 months post-operatively REE further decreased to (Table 1) . Fasting leptin and insulin levels decreased from baseline. Conversely, there was a 64% increase in circulating ghrelin levels at 9 months and a 107% increase from baseline at 15 months. Acyl-ghrelin levels also increased postoperatively. Fasting PYY and GLP-1 did not change following RYGB.
Discussion
Craniopharyngiomas are histologically benign tumors with high overall survival rates. Nonetheless, they are associated with considerable morbidity secondary to the sequelae of HO. Longitudinal data from 90 patients with childhood CP suggests that only 10% of patients with pre-operative hypothalamic tumor involvement maintain their baseline weight [10] . In some series over 50% of patients develop frank obesity after treatment of CP, likely as a function of several mechanisms including impaired sympathoadrenal activation, parasympathetic dysregulation, and other hypothalamic disturbances that upset the balance between energy intake and expenditure [3, 10, 11] . In the presented case, although the patient's tumor appeared to involve the hypothalamus at diagnosis, she had no evidence of pre-operative HO. In fact prior to CP resection she experienced unintentional weight loss, which may have been a consequence of undiagnosed secondary adrenal insufficiency. However, in spite of her history of anorexia nervosa, following CP resection and appropriate hormone replacement therapy, weight gain was profound, with doubling of her pre-operative body weight over an 18 months period. While the degree of weight gain in this patient was marked, the extent of weight gain following CP resection has been associated with the severity of hypothalamic damage on MRI. Patients with bilateral hypothalamic injury, like ours, have been reported to have increases in median BMI standard deviation (SD) scores of ?5.44 SD [12] . Treating such weight gain must be prioritized in the management of these patients.
Medical treatment of hypothalamic obesity

Lifestyle management
Treatment of patients with HO should begin with a focus on lifestyle measures, which are the cornerstone of weight management. While severe hyperphagia is experienced by up to 25% of CP patients following tumor resection, attention should still be given to the tenets of healthy eating and caloric restriction and patients with HO should be seen regularly by a nutritionist [3] . Additionally, the importance of exercise should be emphasized. Disruption of hypothalamic thermoregulatory sites, including the pre-optic anterior hypothalamus and the ventromedial nuclei, by CP and the surgical procedures used to treat them impacts REE. Patients with CP and HO have been shown to have lower basal metabolic rates than matched controls and it has been suggested that REE has a greater role in weight gain in these patients than energy intake [13, 14] . Accordingly, our patient's REE following tumor resection was noted to be lower than predicted by Harris-Benedict and Mifflin-St. Jeor equations and this may have contributed to her initial weight gain following tumor resection. While the effect of exercise on weight loss in HO has not been systematically evaluated in humans, rats with monosodium L-glutamate induced HO that are exercise trained demonstrate reduced adiposity compared to sedentary controls [15] . It is reasonable to postulate that by increasing total daily energy expenditure, exercise may help counteract some of the observed decrements in REE in these patients. Indeed in our patient intensive supervised exercise in combination with sibutramine was associated with the greatest degree of non-surgical weight loss. Management of impaired sympathoadrenal activationdrug treatment with sympathomimetics
In addition to decreased REE, patients with HO exhibit impaired sympathoadrenal activation, illustrated by reduced urinary catecholamines [16, 17] . Sympathomimetic pharmacotherapy has subsequently been used to attenuate weight gain and promote weight loss in patients with HO. Mason et al. treated five pediatric patients who developed HO following CP resection with dextroamphetamine for 24 months. On doses ranging from 12.5 to 20 mg per day, the velocity of weight gain decreased from 2 ± 0.3 kg/month to 0.4 ± 0.2 kg/ month and weight stabilization was achieved after 1 month and remained stable at 24 months follow-up. While caloric intake did not differ before and after treatment, exercise logs revealed increased physical activity on dextroamphetamine [18] . Similarly, weight stabilization or modest weight loss (-0.7 SDS in males, -0.44 SDS in females) was observed in ten out of 12 patients with HO treated with 10 mg daily of dexamphetamine [19] . The sympathomimetic sibutramine, which inhibits norepinephrine and serotonin reuptake, has also been evaluated for the treatment HO. In a double-blind placebo-controlled 20 9 20 week cross-over study treatment with 10-15 mg sibutramine resulted in a significant decrease in BMI compared to placebo, although notably weight loss was more pronounced in those with non-hypothalamic obesity [20] . This differential response may reflect the fact that this medication likely targets regions of body weight regulation that are potentially damaged in HO. Nonetheless, our patient's weight loss on sibutramine was pronounced, although it should be noted that she was highly committed to intensive exercise at the time. While sibutramine has clearly demonstrated benefits in patients with HO, it was withdrawn from the market in October, 2010 due to data from the Sibutramine Cardiovascular Outcomes (SCOUT) trial, that suggested an increased risk of stroke and myocardial infarction [21] .
Phentermine, which stimulates the hypothalamic release of norepinephrine, is approved for the short-term treatment of obesity. It has been shown to result in modest weight loss as monotherapy and in combination with topiramate, but it has not been studied in patients with HO [22, 23] . The use of the sympathomimetics caffeine and ephedrine in combination can also be considered. In three case studies of CP patients with HO, caffeine and ephedrine were associated with a mean weight loss of 13.9% at 6 months, with a maintained weight loss of 8.5 and 9.5% in 2/3 cases at 2 and 6 years respectively [24] .
Management of parasympathetic dysregulation and hyperinsulinemia
In addition to suffering from impaired sympathoadrenal activation, patients with HO are thought to have increased parasympathetic activity. Destruction of the ventromedial hypothalamic area results in parasympathetic disinhibition, with increased vagal tone promoting insulin hypersecretion, increased energy storage, and weight gain. Suppression of insulin secretion with the somatostatin analog octreotide, which binds to the somatostatin receptor-5 on the beta-cell membrane, has subsequently been investigated as a potential treatment option for HO. In an open-label study of eight patients with HO, 6 months of subcutaneous octreotide (15 mcg/kg/day) in comparison to a 6 months pre-study observation period, resulted in -4.8 ± 1.8 kg weight loss v. ?6.0 ± 0.7 kg and a significant reduction in BMI of -2.0 ± 0.7 kg/m 2 v. ?2.1 ± 0.3 kg/m 2 . It should be noted that the interpretation of this observed attenuation of weight gain is limited by the fact that the natural history of HO may involve a greater velocity of weight gain following the initial hypothalamic insult. While hemoglobin A1c levels did not change with treatment, insulin secretion in response to an oral glucose tolerance test (OGTT) was significantly reduced [25] . Similarly, in a 6 month randomized double-blind placebo-controlled trial of octreotide therapy (5-15 mcg/kg/day) in 18 patients with HO, insulin response to OGTT declined significantly with octreotide use. While weight loss was not observed in this study, weight gain was significantly attenuated with the octreotide treated group demonstrating a 1.6 ± 0.6 kg weight gain compared to a 9.2 ± 1.7 kg weight gain in the placebo group [26] . In our patient we were dissuaded from using this medication due to the fact that it is not FDA approved for this indication and is subsequently quite expensive. It should also be noted that octreotide must be administered subcutaneously, and is commonly associated with several side effects including gastrointestinal discomfort, flatulence, loose stools and asymptomatic gallstones, all of which were noted in both studies [25, 26] .
Hamilton et al., studied a novel oral treatment regimen aimed at decreasing insulin secretion using diazoxide (2 mg/ kg, max dose 200 mg/day) and enhancing insulin action using metformin (1,000 mg BID) in patients with HO [27] . In this prospective open-label 6-month pilot treatment trial, mean weight gain was significantly attenuated. Weight gain after 6 months of therapy was ?1.2 ± 5.9 kg v. ?9.5 ± 2.7 kg during the 6 months prior to the study among the seven subjects who completed the study. Two of the nine participating subjects were withdrawn-one due to transaminitis and vomiting and the other due to pedal edema. While metformin alone has not been studied in HO, it can be considered as adjunctive therapy in patients with evidence of insulin resistance, glucose intolerance, or diabetes, given its association with weight loss and decreased visceral adiposity [28] .
Management of weight loss with other agents
Melatonin replacement has also been studied in obese CP patients who suffer from daytime somnolence, as in these patients there appears to be a negative correlation between melatonin concentrations and BMI. Daytime sleepiness may contribute to the observed decrease in physical activity generally observed in patients with CP and HO compared to obese controls. In the 10 CP with increased daytime sleepiness and decreased melatonin secretion who were evaluated, melatonin substitution was found to improve daytime sleepiness and physical activity, although it did not clearly impact on BMI [29] . Orlistat, an inhibitor of pancreatic and gastrointestinal lipases that blocks the absorption of approximately 30% of dietary fat, is one of the two FDA approved medications for weight loss. Although it also has not been formally studied in patients with HO, its use can be considered. Additionally, while little is known about the impact of HO on appetitive gut hormones such as ghrelin, GLP-1, and PYY it has been hypothesized that GLP-1 agonists may benefit patients with HO by slowing gastric emptying and reducing food intake, particularly since much of this action may be mediated by intact receptors within the hindbrain. However, it is unclear how the central disruption that characterizes HO will impact the ability of GLP-1 to decrease food intake via hypothalamic pathways.
Management of hypopituitarism
Given HO is commonly associated with panhypopituitarism, as in the presented case, the neuroendocrine management of hormonal deficiencies is central to the care of these patients and can have important effects on weight. Relative increases in body weight can occur in the setting of secondary hypothyroidism and hypogonadism, and can be exacerbated by overly aggressive cortisol replacement. There is evidence that patients with HO have significantly higher levels of 11b-hydroxysteroid dehydrogenase 1 (11b-HSD1) activity relative to controls and the ratios of free and conjugated cortisol to cortisone and their metabolites are reported to be higher in the urine of patients with HO [30, 31] . This increase in 11b-HSD1 activity, resulting in enhanced conversion of inactive cortisone to cortisol, may explain why lower doses of cortisol replacement are generally well tolerated in patients with HO. With regard to thyroid hormone replacement our practice is to aim for thyroxine levels in the upper limit of the normal range. Fernandes et al. reported three patients with HO who were adequately replaced with thyroxine who then lost additional weight (4.3-15.2 kg) with triiodothyronine replacement (T3) when supraphysiologic T3 levels were achieved. T3 replacement is subsequently considered by some practioners [32] . Growth hormone (GH) replacement may also be important in patients with HO secondary to CP because when used to treat adults with GH deficiency it leads to reductions in fat mass and improvements in body composition and exercise capacity [33, 34] . Adults with CP from the Pfizer International Metabolic Database (KIMS) demonstrated improvements in fat free mass and quality of life after 2 years of GH therapy. While, the CP patients had no significant decrements in body fat with GH treatment in contrast to those with non-secreting pituitary adenomas, comparisons to CP patients with untreated GH deficiency were not available [35] . In our patient, we decreased cortisol replacement to a relatively low dose that was well tolerated while maximizing thyroxine (T4) levels. Although we did not treat our patient with T3 we did initiate GH replacement, which was well received, resulting in a reported increase in strength and exercise capacity and an overall improvement in well-being which may have influenced her early weight loss. In patients with HO and DI, it should be noted that if surgical weight loss interventions are considered DI must be well-controlled prior to proceeding, as the presence of poorly controlled DI following bypass could be dangerous given fluid intake limitations. Nasal desmopressin is preferable in that it avoids problems with delayed onset of action that can occur with oral desmopressin. Our patient was successfully transitioned from oral to inhaled desmopressin and had no pre or post-operative issues with DI and her sodium levels have remained stable.
Surgical treatment of hypothalamic obesity
Given the overwhelming shortcomings of available medical therapies for the management of HO and the efficacy of bariatric surgery for the treatment of conventional obesity, surgical weight loss techniques are now being considered in patients with CP and HO when other interventions fail. Although enthusiasm for bariatric surgery in patients with HO has been tempered by concerns that appetite dysregulation may prevent compliance with post-operative dietary restrictions, the benefits of surgical interventions appear promising [36, 37] . Gastric bypass surgery has been shown to facilitate weight reduction not only by restricting stomach volume but by altering secretion of appetitive gut hormones such as ghrelin, GLP-1 and PYY in a manner that favors appetite reduction and weight loss [38, 39] . In rodents, these gastrointestinal peptide hormones have been shown to exert their metabolic effects by interacting with hypothalamic neurons that express anorexigenic and orexigenic factors [40, 41] . It is not known if the beneficial central effects of the changes in gut hormone secretion seen with gastric bypass are preserved or negated by hypothalamic damage present in HO, nonetheless there is data to suggest that surgical weight loss can be achieved in this population.
Bariatric surgery for the treatment of HO was first pursued in Prader-Willi syndrome (PWS), a genetic disorder associated with hypothalamic dysfunction, hyperphagia and obesity. Biliopancreatic diversion and RYGB in these patients have been met with some success [42] [43] [44] . Based on these outcomes, Muller et al. performed laparascopic adjustable gastric banding (LAGB) in a small cohort of pediatric patients with CP and HO complicated by persistent morbid obesity that was refractory to multiple therapeutic interventions including lifestyle measures and weight loss medications. The BMI-SDS prior to LAGB in these patients was ?13.9, ?10.3, ?11.4, ?7.3 SD. LAGB was well-tolerated and after a follow-up of 4.5, 1.5, 3.0, and 2.5 years BMI had decreased continuously (BMI SDS at follow-up: ?9.9, ?9.7, ?9.5, ?5.9 SD respectively) and self-assessment scales confirmed a profound improvement in pre-existing addiction to food and sweets in all subjects [45] . In addition to the case presented here, to date there are two other published case reports of gastric bypass for the treatment of HO in adult patients with CP. The first case by Inge et al. describes a RYGB with truncal anterior vagotomy [46] . The patient was originally diagnosed with a CP at the age of 14 years and was treated with tumor resection and cranial irradiation. Post-operatively he developed panhypopituitarism (which was successfully managed) and extreme weight gain with an increase in BMI from 25 to [60 kg/m 2 . He was treated with inpatient and outpatient lifestyle interventions and with 19 months of octreotide therapy without evidence of weight loss before undergoing bariatric surgery at age 18 years. Post-operatively weight gain ceased, food cravings markedly decreased and the patient lost 49 kg (22% of initial weight, 33% of initial excess weight), maintaining this weight loss at 2.5 years. Truncal anterior vagotomy was pursued in this case in an attempt to overcome the weight gain associated with the potential increase in vagal tone and resultant hyperinsulinemia that can be seen in HO. Both fasting and post-prandial hyperinsulinemia did resolve in this patient at 14 months of follow-up. However, we were able to achieve a comparable weight loss of 25% of initial weight (v. 22% of initial weight) and a normalization of fasting insulin levels without the addition of truncal anterior vagotomy.
Changes in the gut hormone ghrelin were also evaluated in the case presented by Inge et al., and fasting levels were almost halved 14 months post-operatively. While ghrelin levels rise with diet-induced weight loss, the effect of RYGB on ghrelin levels in patients without HO has been inconsistent [47] [48] [49] [50] [51] . In a longitudinal study of 28 patients undergoing RYGB at our center, mean weight loss was 30% 1 year post-operatively, but mean ghrelin levels were unchanged from baseline [39] . In our patient post-operative baseline ghrelin levels doubled at 15 months. Given the increase in vagal tone that characterizes HO, an autonomically mediated mechanism may underlie the increase in fasting ghrelin levels observed post-operatively and may explain the post-operative decrease in fasting ghrelin levels exhibited by Inge's patient given the anterior truncal vagotomy [46] . Initially, we were concerned that the observed post-operative rise in fasting ghrelin levels would promote weight regain in our patient, given ghrelin has been shown to promote feeding and weight gain by stimulating AGRP/NPY neurons in the hypothalamus [40] . However, while our patient reported an increase in her sensation of hunger and her craving for sweets, visual analogue scales in the fasted state, revealed a post-operative decline in perceived capacity for energy intake and following RYGB she was unable to complete a 320 kcal mixed meal test. It is possible that the profound hypothalamic injury present in this case limited the extent to which ghrelin was able to exert its normal central impact on the AGRP/NPY neurons.
Concerned that the gut hormone alterations that typically accompany proximal gastric bypass surgery would be less effective in a patient with hypothalamic damage, Schultes et al. pursued a distal gastric bypass in their 29-year-old CP patient with HO and refractory morbid obesity [52] . His surgery included the creation of an 80 cm common channel, a biliopancreatic limb of 80 cm, and an alimentary limb of 780 cm designed to increase malabsorption especially of nutritional fat. As in the other described cases, the surgery was performed laparascopically and there were no postoperative complications. Eighteen months after gastric bypass the patient's BMI had decreased from 52 to 31.9 kg/ m 2 . While this 35% decrease in initial body weight may have been due to the strong malabsorptive effects of distal bypass, it is interesting to note that 18 months post-operatively although REE had declined in this patient, it was 28-29% higher than expected values. In contrast, while our patient's REE declined 39-43% from baseline (Table 1) , at both post-operative time points her REE remained less than predicted and there was a progressive decline in energy expenditure per kilogram of body weight, suggesting an increase in energy efficiency that has not generally been observed in long-term follow-up of RYGB patients [53, 54] . While diet-induced weight loss is typically characterized by a decline in REE secondary to a loss of free fat mass and or fat mass, there is disagreement in the literature regarding the overall impact of RYGB on REE [53, [55] [56] [57] [58] [59] . Several authors have demonstrated a decline in REE averaging from 21 to 25% with surgical weight loss while others describe post-operative increases in REE in patients who are hypometabolic at baseline [54, 55, 60] . The reason for the discrepancy in post-RYGB REE in our case report and Schultes' remains unclear, but may reflect differences in the extent and location of hypothalamic damage. Given there is data to suggest that low REE may contribute to weight regain post-operatively, the declining REE observed in our patient was of some concern although 19 months post-RYGB her weight appears to have stabilized [61] .
Although there is no available data comparing REE following RYGB in patients with HO to that of matched controls, our patient's relatively low baseline and postoperative REE may indicate that some patients with HO are at higher risk of weight regain. Skeletal muscle mass has been shown to decline following bypass, which likely contributes to post-bypass decrements in REE [62] . Subsequently, the importance of exercise post-operatively should be stressed as it can enhance dynamic muscle strength, REE and functional capacity and may result in greater weight loss and improvements in health-related quality of life [63, 64] .
Conclusions
Ultimately, although several potential medical therapies have been explored for the treatment of HO, the success of these measures has been limited. As our understanding of the pathogenesis of this disease evolves we may be able to develop more effective pharmacotherapy. At present, the published cases of bariatric surgery for the treatment of HO secondary to CP suggest that surgical weight loss interventions can be safely and effectively used for the management of this disease. The weight loss achieved with both LAGB and RYGB appears to exceed that attained through available non-surgical treatment modalities. While more extensive exploration of surgical weight loss interventions in this unique patient population is needed, bariatric surgery may prove to be the most useful therapy for long-term weight reduction in patients with HO, as it appears to not only decrease body mass but to attenuate appetite even in the presence of hypothalamic damage. Importantly, these benefits are also accompanied by improvements in reported quality of life. While nonhypothalamic mechanisms play a role in the weight reduction observed with bariatric surgery, it is important to note there is the potential for significant variability in weight reduction based on the extent and location of hypothalamic damage. Identifying which patients are likely to respond best to surgical interventions should be evaluated in future research. Lastly, it should be noted that like our patient, the patients described in the available literature were noted to be both motivated and compliant. In addition, they were supported both pre and post-operatively by committed multidisciplinary teams. While, we believe that it is reasonable to consider bariatric surgery as a potential treatment option in patients with HO secondary to CP, careful patient selection may be paramount to the ultimate success of such interventions.
